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Purpose: We examined whether preoperative duplex ultrasound scanning (DU) could replace contrast material–enhanced
arteriography (CA) in selecting the recipient artery of tibial or peroneal artery bypass grafts.
Methods: In patients who underwent tibial or peroneal artery bypass grafting because of critical ischemia, images were
obtained of the lower extremity arterial circulation with both DU and CA. Vascular surgeons, blinded to the operation
performed, reviewed either DU or CA images for arterial visualization and patency. The tibial or peroneal artery best
suited to receive the bypass graft was selected by surgeons using only data from either DU or CA images. This selection
was compared with the artery actually used at bypass surgery.
Results: Preoperative DU and CA data for 40 lower extremities in 38 patients undergoing bypass grafting at the level of
the tibia provided 110 arteries: 38 anterior tibial arteries, 32 peroneal arteries, and 40 posterior tibial arteries. Ten
arteries (8 peroneal, 2 anterior tibial) were not identified with DU, and 1 artery (anterior tibial) was not identified with
CA. DU enabled prediction of the artery actually used in 88% of patients (35 of 40), whereas CA enabled prediction of
the artery actually used in 93% of patients (37 of 40; P .59). Duplicate findings at DU and CA enabled selection of 85%
of arteries actually used (95% confidence interval, 71%-93%). Arteries used for bypass grafting had significantly higher
peak systolic velocity (35 cm/s vs 25 cm/s; P  .04), higher end-diastolic velocity (15 cm/s vs 9 cm/s; P  .005), and
greater diameter (2.4 mm vs 1.7 mm; P  .003) compared with arteries not selected for bypass grafting.
Conclusion: Findings at DU and CA typically agree when used to select tibial or peroneal arteries for bypass grafting. With
DU there is occasional difficulty in identification of the peroneal artery, but selection of the actual artery used is accurate.
Peak systolic velocity, end-diastolic velocity, and diameter characteristics correlate with arteriographic criteria for tibial
bypass target artery selection. If DU enables adequate identification of a target artery for bypass grafting, and especially
if the peroneal artery is seen, findings at CA are not likely to alter bypass execution. (J Vasc Surg 2003;37:1186-90.)
Since 1987 numerous studies from both the United
States and Europe have demonstrated that duplex ultra-
sound scanning (DU) is comparable to contrast arteriogra-
phy (CA) for imaging tibial and peroneal arteries in patients
with critical lower extremity ischemia.1-15 However, only
Ligush et al13 and Lujan et al15 have prospectively com-
pared DU and CA findings with the operation actually
performed, the true standard. To confirm their suggestion
that DU alone could be adequate for planning and per-
forming bypass grafting at the level of the tibia, we com-
pared how accurately surgeons using either DU or CA
alone selected the artery actually chosen as the bypass
recipient by the operating surgeon familiar with both DU
and CA data.
METHODS
Records for 38 consecutive patients who underwent
tibial or peroneal artery bypass grafting at Dartmouth-
Hitchcock Medical Center (DHMC) between December
1998 and August 2000 were retrospectively reviewed.
Standard demographic and comorbid factors were noted.
Smoking history was recorded. Hypertension, diabetes and
hyperlipidemia were considered present if a patient was
receiving medical treatment for those specific conditions at
the time of revascularization. Coronary artery disease was
evidenced by a history of coronary artery stent placement or
bypass grafting. Chronic renal insufficiency was defined as
need for long-term dialysis. Presence of cerebrovascular
disease was defined as previously documented stroke or
abnormal carotid artery duplex ultrasound scan (stenosis
50%).
Patients included in the study were referred primarily to
one surgeon author (D.W.). Two patients underwent re-
vascularization in both legs at separate operations during
the study. All patients were evaluated with DU before
revascularization was performed. In addition, all patients
underwent either preoperative or intraoperative pre-bypass
CA. No patient underwent both. The decision as to when
pre-bypass CA was performed was made solely on the basis
of scheduling. Patients who underwent revascularization to
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the tibioperoneal trunk, the popliteal artery, or more prox-
imal arteries were excluded. One patient underwent bypass
grafting to the dorsalis pedis artery. For the purpose of the
study, the dorsalis pedis artery was considered an anterior
tibial artery. Three bypass graft procedures were performed
in plantar arteries, which were considered posterior tibial
arteries. All patients underwent preoperative duplex vein
mapping to determine length and quality of conduit avail-
able for bypass grafting. In situ saphenous vein was used
preferentially for conduit, with reversed saphenous vein,
composite vein, or arm vein used when in situ saphenous
vein was not available. The quality of arterial inflow was
assessed initially with femoral pulse palpation and DU. At
case completion, intraarterial pressure was measured at the
proximal anastomosis and compared with systemic pres-
sure. If inflow pressure was lower than systemic pressure,
appropriate endovascular diagnostic and therapeutic mea-
sures were taken to raise inflow pressure to systemic levels.
All preoperative imaging studies and surgical procedures
were performed at DHMC. Seven patients in the study
group were included in studies previously published, three
in one study11 and four in another.16
Preoperative DU was performed with the HDI 5000
(Philips, Santa Ana, Calif) duplex ultrasound scanner. In
patients undergoing DU complete mapping of the arterial
anatomy of the ischemic limb was performed. From the
aorta to the foot, arteries were initially imaged longitudi-
nally with color duplex US scanning. A curvilinear probe
(5-2 MHz) was used to interrogate all aortoiliac segments
and femoral arteries in large thighs. A linear array probe
(7-4 MHz) was used to interrogate arteries from thigh to
foot. Significant stenosis was identified by twofold or
greater increase in peak systolic velocity (PSV), whereas
occlusion was defined as a clearly imaged artery or arterial
segment with absent blood flow. PSV and end-diastolic
velocity (EDV) were determined with spectral waveforms
obtained from each arterial segment as viewed during B-
mode imaging. Transverse images of the area were also
obtained, with and without color, to better characterize the
lesion. Tarsal and plantar arteries were interrogated if no
suitable target arteries were found more proximally. Be-
cause of frequency of diabetes among patients requiring
tibial bypass surgery, calcified tibial arteries were commonly
found. Frequently during careful examination flow can be
imaged despite calcification. When lesions were so calcified
that successful insonation was impossible, the areas proxi-
mal and distal to the lesion were carefully examined. When
a vessel was found so extensively calcified that no flow was
seen, it was believed unusable as a bypass target with DU
and thus was considered occluded.
The operating surgeon and vascular technologist re-
viewed all possible outflow arteries on the basis of DU
results. The operating surgeon then reviewed all CA with
full knowledge of DU results. Selection of the tibial or
peroneal artery actually used for bypass was made on the
basis of the operating surgeon’s best judgment of DU and
CA data and the findings at surgery. Criteria for target
artery selection included length of bypass conduit and
condition of overlying skin. Arteries were selected on the
basis of diameter, smoothness of intraluminal surfaces, and
quality and quantity of runoff. If multiple arteries appeared
equivalent, the artery requiring the least dissection and
shortest bypass graft would likely be chosen as the target
artery for bypass grafting.
Subsequent to the surgical procedure, a surgeon author
(E.R.), blinded to the operation performed, reviewed all
images obtained during DU and all information in the DU
report. The vessel thought to be the best recipient for a
bypass graft was selected, the DU target. All tibial or
peroneal arteries were characterized as visualized or not,
then as DU target, patent or occluded. Vessel diameter,
amount of calcification present, runoff vessel appearance
distally, and velocity data in the artery and its distal runoff
vessels were all considered in the target selection process.
No specific velocity criteria existed for selecting distal target
arteries. However, higher DU velocity in nonstenotic arte-
rial segments was assumed to indicate better target arteries.
All CA was performed within 30 days before surgery or
during the revascularization procedure. All CA were per-
formed with the digital subtraction technique, which en-
abled optimization of the images printed for review. CA
before surgery was performed with retrograde injection of
iodinated contrast material into the aorta or iliac systems.
CA in the operating room before bypass surgery was per-
formed with antegrade or retrograde injection of contrast
material into the femoral arteries. Each patient underwent
CA only once. A surgeon author (P.N.), blinded to the
results of DU and the surgery performed, subsequently
evaluated all CA images. The artery deemed best suited for
bypass was selected solely on the basis of images obtained
during CA (CA target). Criteria for selection included
diameter, degree of disease in the artery wall, and quality
and quantity of runoff vessels. All tibial or peroneal arteries
were characterized as visualized, then as CA target, patent
or occluded.
The actual artery used at bypass was compared with the
DU target and the CA target. In one instance of early graft
failure (thrombosis within 24 hours of surgery), graft pa-
tency was salvaged with thrombectomy and anastomosis to
the anterior tibial artery rather than the posterior tibial
artery initially chosen. In this case, the anterior tibial artery
bypass graft remains patent, so that artery was considered
the recipient artery. DU flow characteristics (PSV, EDV,
diameter) were compared between the artery actually used
and other patent tibial or peroneal arteries not selected as
the DU target. The X test for independence was used to
compare agreement rate and confidence interval for DU
and CA in identifying vessel patency. DU target and non-
target artery velocity and diameter measurements were
compared with the unpaired Student t test. Statistical level
of significance was assumed at P  .05.
RESULTS
DU and CA were used to evaluate 40 lower extremities
in 38 consecutive patients who underwent femorotibial or
peroneal bypass grafting between 1998 and 2000. Perti-
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nent characteristics and comorbid conditions in patients
comprising the study group are listed in Table I. The
indication for surgery in all patients was critical ischemia.
Fourteen patients (35%) had rest pain and 26 patients
(65%) had tissue loss or major infection as the operative
indication.
The 40 lower extremities in the study group provided a
possible 120 tibial level arteries for comparison (Table II).
One hundred ten arteries were visualized at both DU and
CA: 38 anterior tibial arteries, 32 peroneal arteries, and 40
posterior tibial arteries. Of the 10 vessels not visualized at
DU (8%), 8 were peroneal arteries and 2 were anterior tibial
arteries. All 10 vessels were visualized at CA. One anterior
tibial artery (1%) seen as patent at DU was not visualized at
CA. Overall, in 8 of 40 lower extremities (20%), the pero-
neal artery was not visualized at DU. Overall, agreement
between DU and CA in evaluation of patency of tibial and
peroneal arteries was 81% (95% CI, 73%-87%; Table III).
Four arteries selected as DU targets were seen as occluded
at CA. One of these was used as the actual bypass graft
recipient. Three arteries seen as occluded at DU were
selected as CA targets. These three arteries were all pero-
neal arteries, and all were used as actual bypass graft recip-
ient arteries. DU targets and CA targets concurred in
choice of artery for bypass grafting in 85% of targets se-
lected for bypass (34 of 40 patients; 95% CI, 71%-93%).
DU correctly predicted the actual bypass recipient ar-
tery in 88% of patients (35/40 patients) (95% CI range;
78% - 97%) (Table IV). CA correctly predicted the actual
bypass graft recipient artery in 93% of patients (37/40
patients) (95% CI, 84%-99%). There was no significant
statistical difference in ability of DU and CA to correctly
predict target vessels (P  .59). However, CA was clearly
more effective for correct identification of peroneal arteries
that were chosen as bypass graft recipients. Only 5 of 10
peroneal arteries used as bypass graft recipients at operation
were selected at DU. In one patient, both the peroneal and
posterior tibial artery were seen as patent at DU. The
posterial tibial artery was chosen by the DU reviewer be-
cause of its better runoff vessels. The operating surgeon
selected the peroneal artery as the actual recipient of the
bypass graft. In one patient DU failed to visualize the distal
peroneal artery and determined it was occluded. CA dem-
onstrated this peroneal artery as patent, and it was selected
as the bypass graft recipient at surgery. In 2 patients CA
failed to enable selection of the actual artery used for bypass
grafting. In one, an anterior tibial artery selected at surgery
as the bypass graft recipient was not visualized at CA. In the
other, the operating surgeon, using both DU and CA data,
believed the anterior tibial artery was the superior choice for
bypass grafting, over a patent posterior tibial artery selected
by the reviewer using CA. In 1 patient both DU and CA
reviewers believed the posterior tibial artery was the better
target for bypass grafting compared with a patent peroneal
artery. The surgeon at operation chose the peroneal artery
as the bypass graft recipient.
DU and CA demonstrated similar rates of correct iden-
tification of the actual target vessel. Four of five target
vessels missed at DU were peroneal arteries. In 1 patient the
anterior tibial artery, chosen with DU, was used 24 hours
after the femoropopliteotibial artery, selected by the oper-
ating surgeon and the CA reviewer, failed. No technical
flaws were found at repeated exploration. This anterior
tibial artery graft remains patent. If arteries without ade-
quate visualization are eliminated, the surgeon reviewer
using DU successfully chose 28 of 30 target vessels actually
used, a 93% success rate, virtually the same as the success
rate with CA.
DU velocity characteristics of actual arteries selected to
be bypass graft recipients were compared with all patent
nonrecipient arteries in all limbs (Table V). Recipient arter-
ies had significantly higher mean PSV (35 cm/s vs 25 cm/s;
Table I. Patient demographics
Total patients 38
Age (yr) 72
Mean 44–82
Sex
Male 53
Female 47
Risk Factors
Smoking 39
Hypertension 92
Diabetes 74
Hyperlipidemia 29
Combination 2 89
Clinical manifestation
Rest pain 35
Tissue loss 65
Comorbid illnesses
Coronary artery disease 55
Chronic renal insufficiency 18
Cerebrovascular disease 13
Table II. Agreement between DU and CA in
visualization of tibial and peroneal arteries
Artery
DU CA
Seen Not Seen Seen Not Seen
Anterior tibial (%) 38 2 39 1
Peroneal (%) 32 8 40 0
Posterior tibial (%) 40 0 40 0
Total (%) 110 10 119 1
Arteries not seen with one technique were seen with the other.
DU, Duplex ultrasound scanning; CA, contrast-enhanced arteriography.
Table III. Agreement between DU and CA in evaluation
of tibial and peroneal arteries
DU
CA
Occluded patent, not target CA target
Occluded 36 3 3
Patent, not target 8 18 3
DU target 4 1 34
Total arteries  110; agreement, 81%; 95% CI, 73%–87%.
DU, Duplex ultrasound scanning; CA, contract-enhanced arteriography.
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P .04), higher EDV (15 cm/s vs 9 cm/s; P .005), and
greater diameter (2.4 mm vs 1.7 mm; P .003) compared
with nonrecipient arteries. All differences were statistically
significant.
DISCUSSION
This study of 40 lower extremities more than doubles
the number of reported patients in whom the actual recip-
ient artery used at tibial level bypass grafting is compared
with the target selected with either CA or DU.13,15 Our
results confirm that surgeons using DU alone will select the
tibial level bypass graft recipient artery used at surgery as
often as surgeons using CA. Neither technique achieved
complete agreement with the operating surgeon. Interob-
server variability occurs at similar rates when either DU or
CA are used.17 Magnetic resonance angiography has also
been suggested as an accurate method for planning tibial
level bypass procedures.18 This technology was not tested
in our study, because this method, to be successful, requires
the focused attention of equipment and personnel, an
attention which has been developed only recently at our
institution.
Accumulating evidence continues to suggest that PSV
and EDV may provide a quantitative means for evaluating
lower extremity circulation distal to occlusive atherosclero-
sis. Recently Proia et al11 demonstrated that using PSV and
EDV to select tibial level bypass graft recipient arteries
produced patency equivalent to recipient arteries selected
with CA. Rzucidlo et al,19 Bandyk et al,20 and Johnson et
al21 have also used PSV and EDV to predict tibial bypass
graft patency when using DU to confirm the technical
adequacy of the bypass procedure. Though no generally
accepted criteria exist for using DU to choose tibial arteries
as bypass graft recipients, characteristics suggested for tibial
artery selection with DU are similar to those with CA, ie,
diameter, thickness, or irregularity of the artery wall and
presence of calcification. We believe that PSV and EDV can
provide quantification of the quality of potential bypass
graft recipient arteries and their runoff vessels. However,
because higher PSV and EDV were criteria that we used to
select actual bypass graft recipient arteries, we cannot de-
termine from this study their accuracy or utility. It is
interesting to note the strong agreement resulting from
DU selection criteria and those of CA.
The major limitation when using DU in planning re-
vascularization of the distal lower extremity is difficulty in
visualizing the peroneal artery. The location of the peroneal
artery, deep within the leg, has long been a challenge for
infragenicular DU study. Moneta et al4 found similar diffi-
culty in identifying the peroneal artery, failing to visualize
17% of peroneal arteries, with 82% sensitivity for identifying
interruption in flow. We found a similar rate of 20% for
studies that did not adequately image the peroneal arteries.
However, in studies that did visualize the peroneal artery,
DU agreed with CA in 84% of patients in identifying
patency and targetability of the peroneal artery.
Several studies4,6,8,12 have suggested that the occa-
sional difficulty in visualizing the peroneal artery should not
limit the usefulness of DU in planning revascularization.
We believe an appropriate strategy for dealing with the
possibility that a significant number of peroneal arteries
would be missed if DU were the only technique for plan-
ning lower extremity revascularization is to first use DU. At
the time of initial operative planning, if adequate tibial level
targets and venous conduit are available, particularly if the
peroneal artery is seen, revascularization may proceed with-
out need for CA, with the expectation of patency and limb
salvage results equivalent to those obtained with CA. If the
tibial artery targets identified are suboptimal and the pero-
neal artery is inadequately visualized, CA should be per-
formed. This strategy would have eliminated the need for
CA in 32 of 40 patients (80%) in our study. Avenarius et
al12 concluded that perhaps as few as 10% of revasculariza-
tion procedures would benefit from CA.
The benefits of use of a “DU first” approach would be
significant. The costs associated with CA are significantly
higher than those for a preoperative DU of the lower
extremity. In addition, unlike CA, DU is an imaging
method with no associated morbidity.21-23 Even if CA is
required after DU, the study can be focused on areas not
well seen at DU, thus reducing contrast material, radiation,
and time expended.
One concern of surgeons reluctant to adopt DU as a
first- line technique for tibial or peroneal arterial imaging is
the issue of vascular technologist accuracy. DU is operator-
Table IV. Accuracy of DU and CA in selection of actual bypass graft recipient artery
Artery Actual bypass artery No. of DU targets chosen No. correct % correct No. of targets chosen No. correct % correct
Anterior tibial 11 12 11 92 9 9 100
Peroneal 10 5 5 50 10 9 88
Posterior tibial 19 23 19 83 21 19 91
Total 40 40 35 88 40 37 93
Table V. Comparison of recipient vs patent nonrecipient
artery DU flow characteristics
Recipient
artery
Patent nonrecipient
artery P value
Number 40 31
Peak systolic
velocity
35.2 24.7 .04
End-diastolic
velocity
15.1 9.3 .005
Diameter 2.1 1.7 .003
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dependent. Validation of the vascular laboratory used in a
DU-first revascularization program is a necessary part of
implementing this algorithm for preoperative planning.
However, the techniques and training at our facility are
similar to other vascular laboratories certified by the Inter-
societal Commission for Accreditation of Vascular Labora-
tories. Furthermore, all registered vascular technologists at
DHMC perform tibial level imaging, demonstrating that
mastery of the technique is not limited to an elite group of
specifically selected and trained technicians.
Finally, our conclusions are based on a small number of
patients who were selected by the referral patterns of the
DHMC vascular surgery practice. Thus there remains the
possibility of a type II error. The number of patients
required for a prospective blinded trial, which would prove
scientific or statistical “equivalence” of these technologies,
is well beyond the scope of this study. Also, implicit in the
study design is that vascular surgeons will always choose the
largest, most normal appearing target artery with the best
runoff vessels. Our study expects that most differences in
target selection between surgeons are related to the quality
of the information they are using. We did not perform an
analysis of interobserver variation. It is possible, though we
believe it unlikely, that variation among surgeons accounts
for the findings of this study.
In conclusion, results of this small study confirm that
DU and CA findings typically are in agreement for selection
of tibial arteries as distal bypass target arteries. If DU
adequately identifies a target for bypass grafting, especially
if the peroneal artery is seen, CA is unlikely to provide
additional information that would alter execution of the
bypass procedure. These findings encourage use of DU as
the primary preoperative technique for planning tibial level
revascularization.
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